Abstract Cattle are intermediate hosts for several Sarcocystis species with different definitive hosts. The present study, to our knowledge, is the first to determine the prevalence of Sarcocystis infection and morphologically and molecularly identify Sarcocystis species in cattle in Qena Governorate, Upper Egypt. The samples were collected from the heart and oesophagus muscles of 84 slaughtered cattle (76 males and 8 females) aged between 11 months and 3 years from slaughterhouses in different localities in Qena Governorate, Upper Egypt. The samples were macroscopically and histologically examined, and the molecular identification of the species was performed using 18S ribosomal subunit DNA through PCR and DNA sequencing. Infection was detected in 72 out of 84 animals (85.7%) and was more prevalent in males (76.2%) than in females (9.5). Using light microscopy, the microscopic sarcocysts were observed to be thin-walled. Sequencing and genotyping revealed one isolate that had 99 and 100% identity, respectively, to Sarcocystis cruzi, while another isolate had 95 and 99% identity to Sarcocystis hjorti. The present study is the first to identify Sarcocystis infection in cattle in Qena Governorate, Upper Egypt both morphologically and molecularly. Sarcocystis cruzi and S. hjorti species were isolated from cattle, which is of veterinary importance and indicates that morphologically similar Sarcocystis species are genetically distinct. Additionally, the results show that Sarcocystis species are not hostspecific.
Introduction
Sarcocystis spp. are obligatory intracellular protozoan parasites that require two hosts, namely, prey and predator hosts, to complete its life cycle (Fayer 2004) . Narges et al. (2013) reported a large number of species of Sarcocystis (more than two-hundred), representing the most common protozoans infecting domestic animals. The life cycle of Sarcocystis has been well described (CDC 2015; Dubey and Lindsay 2006) . Sarcocystis species have a wide range of hosts (Dubey et al. 1989) , with many domestic herbivorous animals that act as prey or intermediate hosts for Sarcocystis spp., such as cattle, Ox, sheep, goats, buffalo, pigs and horses (Dubey 1976) .
Cattle are intermediate hosts for five Sarcocystis species, including S. cruzi, S. hirsuta, S. hominis, S. heydorni and S. rommeli, with different definitive hosts, including canids, felids and humans (Dubey et al. 2015; Dubey and Lindsay 2006) . In addition, Moré et al. (2014) reported the presence of S. sinensis in cattle. Among the several Sarcocystis spp. reported in cattle, only S. hominis may elicit symptoms in humans; infection can lead to symptomatic gastroenteritis, which presents as nausea, abdominal pain, and watery diarrhoea (Prakas and Butkauskas 2012) (Dubey and Lindsay 2006) . Therefore, the infection is potentially zoonotic. Human hosts are infected by consuming raw or undercooked beef containing mature cysts. Human infections are distributed worldwide (Boonjaraspinyo et al. 2013; Nimri 2014) .
Sarcocystis species can be differentiated on the basis of their morphological features, including the sarcocyst walls, which can be studied via histopathological examination and electron microscopy. Histopathological studies of fresh tissue samples can be used to differentiate thick ([ 3 lm) and thin-walled (\ 1 lm) cysts, but this method cannot be used to differentiate species of Sarcocystis (Fayer 2004; Nourollahi-Fard et al. 2009; Moré et al. 2011) . Electron microscopy has considerable limitations, i.e., it is time consuming and costly; thus, molecular assays are the most efficient methods for epidemiological studies and for the identification of Sarcocystis species in intermediate hosts.
In addition, a few firmly related intermediate hosts may have morphologically undefined sarcocysts. However, sarcocysts of the same type in different intermediate hosts are considered different species in light of the supposition that Sarcocystis spp. are host-specific in the intermediate host (Dubey et al. 1989; Odening 1998) . Since 1990, molecular methods have been progressively used to support the identification of various Sarcocystis spp., particularly those infecting domestic animals, and to determine whether morphologically similar sarcocysts in a single or multiple intermediate hosts belong to the same species Gjerde and Dahlgren 2010) .
The present study, to our knowledge, is the first to determine the prevalence of Sarcocystis infection and morphologically and molecularly identify species in cattle in Qena Governorate, Upper Egypt.
Materials and methods

Sample collection
Samples were collected from the heart and oesophagus muscles of 84 slaughtered cattle (76 males and 8 females) aged between 11 months and 3 years from slaughterhouses in different localities in Qena Governorate, Upper Egypt in the period between May 2016 and June 2016.
Macroscopic examination
Each heart and oesophagus muscle sample was cut into smaller pieces and assessed by using a hand lens for the presence of macrocysts, which appear whitish with different shapes (described by Lam et al. (1999) . Small slices of the muscle tissues were compressed between two glass slides and inspected for the presence of microscopic sarcocysts (Latif et al. 1999 ).
Histological examination
A small piece of each muscle was fixed in 10% formalin and processed for histopathology. The samples were subsequently stained with haematoxylin and eosin and microscopically examined under 10, 20, 40 and 100 9 magnification.
Molecular identification using 18S ribosomal subunit DNA
Small pieces of infected heart and oesophagus tissue were incubated in ethanol (70%) for DNA analysis. After removing the ethanol, genomic DNA was extracted using the QIAamp DNA Mini and Blood Mini Kit (QIAGEN, GmbH, Germany) according to the manufacturer's instructions. For amplification of 18S ribosomal DNA genes, we used the following pair of primers: Sar-F1 Forward 5 et al. 2008) . PCR reactions were performed using Taq PCR Master Mix Kit (QIAGEN) according to the manufacturer's instructions for 25-35 cycles using the Applied Biosystems 9700 PCR system (Thermo-Fisher). PCR cycles were as follows: initial denaturation step at 94°C for 3 min, followed by 25 cycles of denaturation at 94°C for 1 min, annealing at 50-68°C for 1 min and extension at 72°C for 1 min, with a final extension step at 72°C for 10 min.
The PCR products were then run on a 1.5% agarose gel. Subsequently, the gel was stained with ethidium bromide, and the appropriate bands were excised and purified with the QIAamp PCR Purification Kit (QIAGEN) according to the manufacturer's instructions. The isolates were subsequently sequenced using forward primers to construct a continuous sequence of the tested DNA using an Applied Biosystems 3500 Automatic Genetic Analyzer. The acquired sequences were compared and aligned with the Sarcocystis sequences deposited in GenBank using the NCBI Basic Local Alignment Search Tool (BLAST). Phylogenetic trees were created using Mega6 software (Tamura et al. 2013) . We used sequences for other Sarcocystis spp. of cattle from GenBank with Plasmodium vivax as the outgroup.
Results
Light microscopy
Sarcocystis were microscopically identified, and no macrocysts were found. Infection was detected in 76 out of 84 animals (90.47%), and infection was more prevalent in males (80.95%) than females (9.52%), Table 1 . Using LM, the Sarcocystis spp. in the heart were found to be as large as 96.7 lm wide and 326.9 lm long, while the sarcocysts in the oesophagus were as large as 48.8 lm wide and 158.1 lm long. The Sarcocystis wall was thin (\ 1 lm thick). Some cysts were septate, and the interior compartments were packed with bradyzoites (Figs. 1, 2 and 3 ).
Sequencing and genotyping of isolates
The partial 18S rRNA gene of the Sarcocystis species was amplified and yielded the expected PCR product size (600 bp) from microscopic cyst samples (Fig. 4) . Genotype identification was performed by comparing the revealed sequences with the Sarcocystis DNA sequences available in GenBank based on sequence analysis of the 18S rRNA region using BLAST. In the present study, one of the isolates had 99 and 100% identity to S. cruzi (accession number KT964008.1), while a second isolate had 95 and 99% identity to S. hjorti (accession number KY973332.1). Alignment was performed using BLAST software (Figs. 5,  6 ).
Discussion
In the present study, both morphological and molecular examinations were utilized to identify Sarcocystis infection in cattle in Qena Governorate, Upper Egypt. The overall Sarcocystis spp. infection rate among butchered animals was 85.7%, consistent with past reports in Egypt (Metwally et al. 2014; El-Dakhly et al. 2011; Fatma et al. 2008; Khalifa et al. 2008; Said 1996; El-Afifi 1958; Abdel Rahman 1975 Ali 1985; Fawaz 1998 ). The present findings are also consistent with those of reports in different countries, such as New Zealand (Bottner et al. 1987 (9 63) 2002). Collier et al. (1998) reported that one reason for the high prevalence of Sarcocystis in cattle is the assortment of large number of hosts that shed countless resistant sporocysts; life cycles in cattle have been established in canines (S. cruzi), felines (S. hirsuta), humans (S. hominis), and others (Metwally et al. 2014) . A molecular approach is widely utilized for the identification of Sarcocystis species variation, as transmission electron microscopy is of limited value in the detection of slight morphology variations (Gjerde 2013) . In the present study, we used the 18S rRNA gene for the differentiation of Sarcocystis species in cattle using genus-specific primers as in previous studies (DalimiAsl et al. 2008) . We found that Sarcocystis isolates in the cattle oesophagus belonged to S. cruzi (accession KT964008.1). Comparison of one of the nucleotide sequence obtained in our study with other Sarcocystis species in GenBank revealed 99% homology and 100% query coverage with S. cruzi, with only 3 unique nucleotides (Fig. 5) . This finding was expected, as S. cruzi is highly prevalent in cattle worldwide, with prevalence ranging from 24 to 100%, as documented in several studies (only a few of these studies performed molecular identification) (Jehle et al. 2009; Moré et al. 2008; Pena et al. 2001 ). This finding is important for veterinary medicine, as S. cruzi causes serious pathogenicity in domesticated animals but does not have any pathological consequences for humans, though Agholi et al. (2016) found S. cruzi in the stool of an HIV-positive woman (More et al. 2014) .
The second isolate from heart muscle had a similarity of 95 and 96% coverage to S. hjorti (accession number KY973332.1) (Fig. 6 ). To our knowledge, this study is the first to report S. hjorti in cattle, although Dahlgren and Gjerde (2010) reported that this species is not host-specific and can infect different intermediate hosts such as deer and moose. A maximum likelihood phylogenetic tree was created using partial 18S ribosomal RNA sequences, and the results showed that the Egyptian Sarcocystis species isolated from the heart muscle are closely related to S.
hjorti (accession number KY973332.1). This is consistent with the findings of Gjerde (2013) who generated a phylogenetic tree for different Sarcocystis spp. infecting different intermediate hosts, such as cattle, sheep and cervids. The results showed that S. hjorti is closely related to cattleinfecting S. cruzi (Fig. 7) . 
Conclusion
This study is the first to molecularly identify the Sarcocystis species in cattle in Qena Governorate, Upper Egypt.
In the present study, we isolated Sarcocystis species from cattle and demonstrated that these parasites were S. cruzi, a species that causes major veterinary health problems. We also provide the first report of S. hjorti in cattle.
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